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INTRODUCTION
For many years, there has been talk expressing great concern
about the oil reserves in the United States.

Every four or five

years, articles are published stating that we are running out of
oil and our proved reserves, to date, are only adequate, at our
present rate of consrunption, for about 20 years.

While this is

true, it does not leave us with the complete picture.

The industry

in the past 20 years has never had more than a 20 year reserve.
It must be said, however, that it is becoming more difficult with
each passing year to find oil enough to keep our reserves 20 years
ahead of ·our present

~ate

of consuption.

An oil reserve {l) as defined in the Petroleum Dictionary is

·{1) Porter, Hollis P., Petroleum Dictionary for Office, Field, and
Factory, 4th Edition, Houstoh, Texas, The Gulf Publishing Co, 1948,
P• 175

•Oil remaining underground, proven to a high degree of probability,
the recovery of which is commercially feasible at present .day prices
and costs."
As is generally known only a small portion of the oil found
in the earth is ever recovered.

If we take a high rate of recovery

of. 50 per cent, then there are 33 billion barrels( 2 ) of unrecoverable
(2) The Petrolewm Data Book, First Edition, 1947, Dallas, Texas,
The Petroleum Engineer Publishing Co., p. A-13.

oil remaining in the groocnd as of 1947.
I f an economical method of extracting oil could be found, our

proved reserves would be increased many-fold.

Many articles have
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been written along this line and in the past two decades much work
has been done.
The purpose of this thesis is to determine experimentally the
maximum amount of oil that

may

from an unconsolidated sand

be recovered by means of combustion

saturate~

with oil.

The economic side of the problem can not be determined until
more laboratory work has been done and field experiments have been
performed.
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REVTh'W OF LITERATURE

Low Temperatu.re .Heating Range
Before starting the experiment, a study was made to determine
whether any work had been done, previously, on combustion of oil
.in oil bearing sands; and what effect heat has on the recovery of
oil.
First it must be

sta~ed

that there are three primary temperature

ranges in applying heat to an oil bearing formation.
low temperature heating.

The first is

Its aim is to reduce the viscosity, surface

tension, and specific gravity of the oil.

Its primary use, however,

is the removal or melting of paraffin which has accumulated on the
sand face or in the tubing.
Steam
One of the simplest methods.(3) of heating oil and paraffin

E.,

(3) Riestle, Jr., c.
Paraffin and Congealing Oil Problems, u.
S. B. M., Bulletin 348, 1932, PP• 74-80
in the production string is by the injection of steam into the
space between the tubing and the casing.

The condensed steam is

allowed to accumulate and the water removed Td th the oil.

One

must be careful that the liquid wax is not forced back .i nto the
formation and allowed to solidify.
"kill" a well.

Such a mistake can completely

4
Chemicals
Another method(4) for developing heat in wells involves the
(4) Uren, Lester c., Petroleum Production Engineering, Second Edition, New York, McGraw- Hill Book Co., Inc., 1939, Vol. 2, P. 365.
use of chemicals.

Calcium carbide introduced into a well with water

generates heat and acetylene gas.

This method has been used in

the fields of eastern Kansas and Pennsylvania.
A

mixture of sodium peroxide and water has been used to a

limited extent in some of the Mid-Continent and Appalachian fields.
The hydrogen and oxygen given off by this reaction are ignited to
generate heat.
Combustion of Paraffins
Experiments, <5 ) involving direct burning of paraffins, have

(5) Ibid
been conducted in certain fields in the

AppalacP~an

region.

A

temporary supply of air is introduced through the tubing to the
bottom of the well where the oil and gas are ignited. Temperatures
as high as 3,300° Fahrenheit have been recorded.

Experience has

shown that burning the oil and gas does not close the pores of the
sand with coked carbono

The intense heat developed disintegrates

the wall rocks in some instances so that loose material caves into
the well thus enlarging the well cavity and exposing fresh unclogged
sand surfaces • This method could not be classified in the middle
or high temperature range; because the overall temperature of the
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oil bearing formation was not raised appreciably, even though the
· temperature at point of combustion was ve11r high.
Effect of Low Temperature Heating on Unconsolidated Sand
During World War II, in those critical days when the need for
oil was paramount, a prudent Congress paused to contemplate the
importanc_e of an assured long term supply of liquid fuels.

From

these diliberations came the Synthetic Liquid Fuels Act of 1944
which authorized research and development work on new sources of
oil from coal, oil shale, and agricultural products, in addition to
secondary recovery.
One of the first experiments performed ( 6 ) was reported by
(6) Higgins, R. v., Shea, G. B., Laboratory Studies of the Gravitational Drainage of Oil from Unconsolidated Sands, U. S. B. M.,

4391, 1949, 15 PP•
Higgins and Shea who dealt with the effect of low temperature heating
on unconsolidated sand.

They found that 57 per cent of a 1).1° A.P.I.

oil was recovered from a saturated oil sand with the overall temperature being

84°

Fahrenheit.

However, upon raising the average

temperature of the oil and sand to 120° Fahrenheit only 0.01 per
cent more oil was recovered.

This would seem to indicate that low

temperature heating does not appreciably increase oil production.
This is the first of five reports that are going to be published
along this line.

Perhaps, when the other four have been completed,

the picture will be clearer.
Middle Temp3 rature Range
In the middle temperature heating range the aim is the partial

distillation of oil and a partial gas drive by the gases formed

6
during distillation.
liquid oil.

The overall result is to increase the flow of

The two methods used are Electrocarbonization (?) and

(7) Sarapuu, Erich, Subterranean Carbonization of l1il Shale, Technical Oil Mission, Reel 242, Item 37, Library of Congress, Washington,
D. C., 1947

Dielectric heating.(B)
(8) Venable, Douglas, Dielectric Heating Fundamentals, Electronics,

Nov. 1943, pp. 120-124.
High Temperature Range
In the high temperature range in which the following experiment falls, the aim either is to gasify the oil and produce gas
only, or to allow the gas to sweep the oil in front of it, thereby,
recovering the oil.
The four methods used to fulfill this aim are oil sand combustion,

electrogasifi~ation,

dielectric heating, and hot air-gas

mixture.
Three unpublished works have been written on electogasification
based on work performed at Missouri School of Mines and Metallurgy
by Erich Sarapuu, Harold R. Coffer, and John C. Schratwieser.
Thermal Precess of Recovering Oil from Sand
From 1933 to 1935, experiments( 9 ) were performed in Russia
(9) Sheinman, A. B., Dubrovai, K. K., Sorokin, N. A., Charuigan, M.M.,
Zaks, s. L., and Zinchenko, K. E., Gasification of Crude Oil in
Reservoir Sands, Petroleum Engineer, Dallas, Texas, Petroleum Engineer Co., Dec. 1938, pp. 27-30

by the

Gro~

Petroleum Research Institute to test the practicability

of thermal processes of recovering oil from sand.

They found that
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the zone of combustion could be controlled by the

~mount

of air

injected and that the sand, after combustion had progressed through
it, was completely dry.

They recovered large quantities of gas -which

were condensed after arriving at the surface.

From the article

the author gains the impression that their main objective was to
gasify the oil in the sand and produce it in this form.

Holrever,

it is now believed that a large waste results in this method because
part of the gasified oil is burned.

If more time had been taken

anti the z:> ne of combustion had been confined only to the car'l:D n
residue a higher ultimate recovery could have been obtained.

There

was no per cent recovery given in the article.
Hot Air - Gas Mixture
.
(10)
In 1937, experiments were conducted on the Ma1.11eft properties
(10) Sheiman, A. B., Secondary Recovery am Underground Gasification
of Oil Deposits, Novosti Tekhniki, 1939, No. 15, PP• 30-33
on the gasification of oil deposits by injecting a hot air - gas
mixture through an intake
dueing well.

~11

and removing the gases through pro-

The oil bearing formation was 10 meters thick and at

a depth of 500 meters.

The mixture was injected at a rate of 25,000

to 28,000 cubic meters per 24 hours under a pressure of

5 to 7

atmospheres with a temperature of 600° to 7000 Centigrade.

The

yield of gas was dependent upon the amount of injected mixture
and varied from 20 to 26 million cubic meters per 24 hours.
value of the gas was 2,500 to 4,300 calories per gram.

Calorific

The gas

was condensed at the surface, the heat gi.ven off being used to raise
the temperature of the mixture before it was injected.

8
It is interesting to note that A. B. Sheinman who performed
this experiment from 1937 to 1938 also performed the experiment
described previously .in the Thermal Process of Recovering Oil from
Sand which was performed in 1933 and 1935.
Lapuh stated(ll) in

1939 that the most efficient method of

(11) Lapuh 1 B. B., Heat Treatment of Oil Sands to Increase the Oil
Yield, Azerbaidzhanskoe Neftyanoe Khoy, 1939, No. 12, pp. 12-15
recovering oil from a sand is the creation of an underground combustion

~one

which moves progressively through the sand.

To increase

the temperature of the air - gas mixture by heating is uneconomic.
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DISCUSSION
Preliminary Work and Calculations
Before starting any experiments, an easy method had to be devised to start combustion in an oil sand.

It was thought, and later

proved true, that the sand would have to be at a high temperature
before combustion would proceed through the pore space.

Because the

apparatus, first designed for this experiment, was too large and
cumbersome to be dismantled every time a means of combustion was
tried, a smaller one was designed which could be handled more easily.
It was felt that if some method could be devised in which the
progress of combustion could be seen then a better study of the
problem could be made.

A piece of pyrex tubing 18 inches long and

2 inches in diameter was selected.

First, the tube was lined with

ground fire brick in sodium silicate, which, upon setting, is heat
resistant, insoluble in oil, and a non-conductor of electricity.
A piece of chromel heating coil wire was attached to copper
wire and placed inside the tube.

Oil sand was packed into the tube,

12 volts were applied to the coil and air was blown through the sand.
No combustion was perceived.

The coil merely volatilized the oil

out of the sand in the immediate vicinity of the coil.
This

s~e

experiment was performed with pure oxygen running

through the sand.

Again nothing happened.

This seemed to indicate

that a secondary fire was necessary to heat the oil and sand up to
a high temperature so that combustion would take place when the
air or oxygen came in contact with the oil in the pore space of the
sand.
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Cotton saturated with oil, when laid against, but not surrounding,
the coil was found. to be the most, easily ignited.

Tre rubber stopper

and coil were inserted into one end of the tube, a small wad of
cotton saturated with oil was introduced into the other end and pushed
through the tubing until it came in contact with the coil.
void SJ;Sce was left between the stopper and the coil.

A small

Sand was then

packed on top, of the cotton, completely fillirg the rest of the
tube.

The rubber stopper with glass tubing running through it was

used to plug the outlet end of the tube.
in Figure 1.

This apiXU"atus is illustrated

The coil was again heated by 12 volts from the trans-

former and air was introduced.

A slight glow was perceptible through

the tube and a small amount of gas came through the glass tubing at
the end.

The glow disappeared in about 30 seconds and when the

tube was unpacked no evidence of combustion was seen in the sand.
Aga in, it was indicated that not enough heat had been generated for
combustion to progress.
Pure oxygen was used in the next run with the tube packed as
described above.

Because of the hazard of explosion when pure oxygen

comes in contact with oil, the tube was

~Tapped

with screening wire

to catch any fragments of glass or burning oil sand that might be
thrown if

~~

explosion occurred.

Again, 12 volts were applied to

the coil and oxygen v;as immediately introduced; again, a glow appeared
but this time it became le..rger and progressed along the top of the
tube toward the outlet.
tubing at the end.

Gas and some oil crune through the glass

After about

and the tube allowed to cool.

1t minutes,

oxygen was turned off

The screening wire was removed and

large blisters were found on the top side of the pyrex tubing,

1.1

IZ

&rubber

~

Sodtum St!tC!afe

~-_s-

and

,,

-----'---------~

c:::- Sand
. ............

O..so{]/oss

Asbestos

··~- Cotton

OC'a le- 1 ''= 1 ''
FIGURE 1
GLASS APPARATUS

12

ILLUSTRATION 1

PYREX APPARATUS

~OR

PRELIMINARY EXPERIMENTS

1.3
indicating that the temperature had been about

1500°

Fahrenhei t.

The sand was covered with a black residue, the composition of 'Which,
at first, was unknown.

HOW"ever, this residue did rub off and was

thought to be carbon.
A small amount of' this material. was put into a crucible and
a Bunsen burner was used to heat the sand to red heat.

In the pre-

sence of air this black material burned away and the sand was found
to be in its original unsaturated state.
It w.as concluded that this material was a carbon residue left
on the sand grains as the oil was vaporized.
The particular oil used in these experiments was acquired
from Bellridge Oil Comp~, Bellridge, California.
A. P. I..

It was

15.5°

To find the amount of carbon residue from this oil, a

small amount of' sand was saturated with oil and heated in a retort
to 620° Centigrade.

It was found that 2.96 per cent by weight of

the oil was carbon.

In other words, in 1 cubic foot of unconsolidated

sarxi w.i th a porosity of 25 per cent there would be 3.68 pounds of
carbon residue.
It was concluded at the time that if the rate of burning could
be regulated closely enough it would be possible to burn only the
carbon and very little, if any, of the oil.

This, the author be-

lieves is a new concept which heretofore, has not been realized
by workers in this field.

With this concept in mind, calculations were made to determine
whether the carbon residue would liberate enough heat to raise the
temperature of the surrounding oil bearing formation high enough
to obt.ain more carbon.

Because the specific heat of the particular .

sand used in the experiment was unknown, a pure quartz sand with
a specific heat of 117 calories per pound per degrees Centigrade
at 600° Centigrade was used for the calculations.
assumed to have

)6,900 B. T.

u.

25

per cent porosity.

The sand was -

It was found that it took

to vaporize the oil _and raise the temperature or ·

one cubic foot of oil sand to 600° Centigrade.
Carbon has a heating value of 14,600 B. T. U. per pound; ).68
pounds of ca.rbon, which is the a.111ount left in one cubic foot. of sand
when all oil is vaporized from it, will liberate 53,700 B. T.

u••

It is noted that more than enough heat is liberated from the carbon
to maintain combustion without burning oil.

This was the basis

on which further experiments were run.
The Apparatus
The temperatures encountered in the preliminary experiments
indicated use of stainless steel pipe.

Because of the expense involved

in using ·stainless steel, it was felt more desirable to devise a
means of protecting a piece of 5~ inch

o.

D.,

J-55, 17

pounds per

foot casing from the excessive temperature and oxidation. · This
was accomplished by making an insert of asbestos paper cemented with
sodium silicate and ground fire brick,
inches I. D••

4.9 inches o. D. and ).75

This liner was then put inside the casing.

The complete apparatus is shown in Figure 2.
In order to determine the temperature due to combustion on
the inside of the tube, chromel - alumel thermocouples were useo.
Two different methods were devised to introduce the thermocouples
into the tube.
The first method made use of lugs, welded every 9 inches into

- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -

--- ------------------- ----
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place around the tubing.

The wire was run through the lug and

a 3/4 inch pl·n g, as shown in Figure 3.

The large opening directly

below the plug was partially filled with sodium silicate and ground
~

brick and the remainder was filled with cement.

was screwed into place.

Then the plug

This was intended to insulate the wire and

make the tube air tight.; but upon test·ing the equipment, all but one
of the lugs leaked.
against t he wires.

It is believed that the cement did not bond
Two of these ·ears were used to introduce the

electric current, needed to start combustion . into the inside of the
tube.

These, also, leaked, necessitating the removal of the plugs

from the ears, the drilling out of the wire, cement, and ceramic
material.

The repacking was done by cutting a number of asbestos

washers which just filled the opening.

A hole was drilled through

the center of the washers, the copper wire inserted, and the 3/h
inch plug was screwed into place putting the whole system under
compression.

This squeezed the

was1~rs

walls of the ears, making t hem airtight.

against the wire and the
The same procedure · could

have been used for the thermocouples but would have necessitated
many extra hours work.

Because of the limited time, this was not

done but the drilled plugs were replaced with solid ones, thus,
making the system air tight, again.
The second method of d'etermining :the. t~mperature

was .by

inserting

a 6 foot 7 inch, 1/8 inch, stainless steel pipe lengthwise through
the center of the tube with washers arc welded every 4 inches to
reduce

channell~g

along the pipe.

Chromel - alumel thermocouple

wires weremn through 7 feet of 2 hole porcelin conduit.

The con-

duit, which in turn was run through the stainless steel pipe,

:f8
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served as &~ easy means of positioning the the~ocouple at any point
desired.

This means of determining the temperature inside the tube

proved very satisfactory.

Moving the thermocouple in or out of the

tube allawed the author to note the temperature at any point desired.
By this method, the conclusion was drawn that the zone of combustion

was 2

3/4 inches in length. The packing element is shown in Figure 4.

The greatest single problem of the project was channelling. · .
Preliminary runs indicated that if the sand was not completely sat·urated with oil, then the oil settled to the bottom of the tube
leaving a void space at the top.

The air, being forced through the

sand, followed the void space thus causing channelling.
eliminated by completely saturating the sand with oil.

This was
Another

source of channelling was air flowing between the saturated oil
sand and the asbestos lining.

Even by tapping the saturated sand

in place when packing, it could not be eliminated.

To stop chan-

nelling, a compactor was devised which is illustrated in Figure

5.

The apparatus contained thre'e main parts, a base plate, thrust
bearing, and the compactor element.

The compactor element fitted

in the inlet side of the casing, the top plate of the compactor
element, being cut so that it would fit just inside of the asbestos
lining.

The bottom plate and thrust bearing went into the collar.

The thrust bearing was placed against the bottom of the compactor
element.

This allowed the compacting element to move forward when

the collar was screwed on the casing.

...he sand could be compacted

only about li inches each time this was done, therefore, it had to
be removed a number of times and more sand put in.

The apparatus

proved very satisfactory and it is believed that channelling was

·20

F!GURE ·: h

PACKING ELEMENT.

Scd.le

Z. "-I"

2l
FIGURE .5.

Top Plate .

I

. I

I

I

I
I

.

Compacter

'rhrust Bearing
Base Plate

Seale-;';-<,~
COMPACTOR ELF.l4ENT

22
reduced to a minimum.

It was found that the tighter the sarrl was

packed the greater was the oil recovery.
The final piece of equipment made was a conventional condenser.
Water was

:r:a sscd

gas allowed to·

thi"'ough 30 feet of

now

t

inch copper tubing and the

around it in a sealed l~ inch pipe, 3 "feet ·1-ong.

The apparatus is shown in Illustration 3.
Figure 6 shows the complete hook-up, including air regulator,
rotometers, combustion tube, water jacket, settling tank, condenser,
gas sampler, and pressure gauges •. .
To prevent the sand· from coming_ out of the outlet end of the
apparatus, a 2 inch by ~ inch reducer was threaded into the upstream
side of the 2 inch collar.

Its main function, while helping to

center the 1/8 inch stainless steel tubing, was to reduce the opening
through which sand could flow.

Pea size rocks were then packed around

the stainless steel tubing and on top of the

reducer.; .·~

The rock

size was gradually reduced until the saturated oil sand could not
flow through.
Final Experiments
In all experiments, the apparatus was filled completely with

compacted sand containing 4,120 cc. of

15.5° A. P.

I. gravity oil

or 3,960 grams of oil.
A small wad of cotton was put behind the oil sand and the
chrornel heating coil was attached to the copper wire which had been
run through the ears.

Twelve volts were applied to the coil.

This

heated the coil red hot; pure oxygen was then introduced and the
cotton started burning.
It was .found that pure oxygen had to be used for about

15

minutes
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or until the carbon burning in the sand raised the temperature to
1100° Fahrenheit.

The oxygen was forced through the sand at

pounds per square inch pressure.

5

After combustion had started,

0. 75 cubic feet o.f air per rid.nute were introduced at 10 psi.

This

was found to give the greatest oil recovery.
In the first three runs performed, a water jacket was used.

It was designed to cool the apparatus.

However, upon exa:mjning

the sand after combustion had progressed through it, a small layer

t

to 1 inch thick was .found.to be clinging to the

asbestos liner.

It was decided to remove the water on the next

o.f coked sand

run-to see if it would improve results. · After doing this, no coked
sand was found.
It was concluded that the water cooled the sand and carbon
residue below the ignition temperature.

A flame is never present

in this type of combustion.
In the final run, the tube was packed and the procedure for
starting combustion was followed, as stated previously.

The first

drop of oil was noted in h6 minutes after combustion had started.
The temperature at the combustion ~ ne was found to be ll50° Fahrenheit.

By positioning the thermocouple at different points, the

temperature was found to remain constant for 2-:i inches.
the actual- z cne of burning.

This was

A sharp tentperature drop from ll50°

. Fahrenheit to 850° Fahrenheit

l'faS

noted in

believed to be the zone of vaporization.

St

inches.

This is

Before actual experiments

were run, it was believed that a constant temperature would indicate
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the zone of condensation, however, the zone was never picked up.
vlhether it was too small to be. found or the thermocouple was not
sensitive enough is not known.

The temperature drop from 850

0

Fahrenheit to 200° Fahrenheit was constant, extending approx:i.mately

1t feet.
After 7 hours and 24 minutes, the time i·t took to burn all but
three inches of the sand, the air was turned off and the apparatus
allowed to coo/.

Any remaining oil left in the pipes was allowed

to drain into the settling tank.

The settling tank contained 4,250

cc. of emulsified oil along vdth 670 cc of water.

It, is the author's

belief that the water was introduced into the system along w.i th the
air; because upori bleeding the air lire periodically, ,water was always
found to be present.

-53, was found by experimentation

Trete-0-Lite, J

to be the most successful in breaking the emulsion.
was· found to contain
of oil.

6 per cent water.

On a volume basis,

The emulsion

This left a total of

3,995 cc.

97 per cent of the oil put in was recoveredo

The specific gravity of the oil, however, was found to have decreased
from 0.9613 at 600 Fahrenheit to 0.9448 at 60° Fahrerilleit.
gave a recovery
in

sp~cific

o~

a weight basis of

9S.L

per cent.

This

The decrease

grayity was expected because, the heavier constituents

of the · oil are last to be volatilized.

These constituents are the

ones which. break down and leave the carbon residue which is burned.
It was decided,upon completing the last run for data purposes,
that one more run should be made in which the combustion would be
halted approximately half -way through the tube.

This was done.

Approximately 18 inches of the top half of the tube were cut out
with a torch.

The asbestos was then carefully removed baring the
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zone of combustion as is shown in lllustratioh 6.

A very distinct

line was noted between the sand through which combustion had

~ssed

and the sand in which combustion was taking place when the flow of
air was stopped.

At the point of combustion, the sand was found to

be cemented together with a carbon residue.
1~ inches in length.

This zone was approximately

The upstream side of this cake ~~s found to

have small particles of clean sand clinging to it and seemed free
of any liquid; while on the downstream side of the cake no liquid
oil was present, yet it was damp.
This last run was made simply to get a visual picture of
combustion progressed through the sand.
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CONCLUSION
The data from these experiments clearly indicate thc.t a very
high per cent recovery may be obtained by means of combustion in

.

'

an unconsolidated sand saturated with oil.

95.4 per cent by weight of all the oil put

As stated previously,
in was recovered.

After

adding 95.4 per cent and 2.96 per cent, the amount of carbon residue
in the oil consumed by combustion, a total of 98.)6 per cent is
obtained.
for.

This leaves 1.64 per cent of the oil by weight unaccounted-

A portion of this cculd have been found if the gases given off

from these experiments had been analysed.

The per cent of oil which

was vaporized and lost in this manner is unknown.

It is known,

however, when combustion first started the gases did burn.

Burning

stopped a.fter about 45 minutes and the gas could not be lighted, again.
It is believed that the light constituents were all swept out of the
.oil at the beginning of the tests.
The experiments carried on to date indicate that further work
should be done along this line in order to answer the following
questions.

What is the minimum amount of oil that a sand may possess

f'or combustion to be continuous? What is the maximum amount of
water a sand may contain before combustion will cease?

Will a

consolidated oil sand give the same high rate of recovery as an
unconsolidated sand?
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